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DescH|ition 



This invention relates to optical methods and 
sensors for measuring the displacement of an 
object 

in a known optical method of measuring the 
displacement of an object a detector is arranged 
to measure light received by the detector from a 
light source, and the object is arranged such that 
displacement of the object in a direction trans- 
verse to the light path between the source and 
detector will cause a variation in the amount of 
light measured by the detector so that variation in 
the amount of light measured by the detector is 
indicative of the displacement of the obiect Such 
a method is described, for example, in US-A- 
4»302,109, US-AAOdUdO and US-A-3,9d3,391. 

Such a method suffers the disadvantage that 
the amount of light measured by the detector wilt 
also vary according to the sensitivity of the 
detector, the light output of source, and other 
variations within the light path, these all being 
factors which may vary with time. Variations in 
the sensithfity of the detector, and changes in the 
output of the light source may be partially com- 
pensated for by the use of a reference beam. 
However it is difficult to compensate for vari- 
ations in the light path. 

To overcome this problem there has been 
proposed a method of measuring displacement of 
an object comprising: directing light within each 
of at least two discrete wavelength bands onto a 
__det«:tor_along.a.pathjncludlng.a.memberhaving^ 
light transmissh^e or reflecthre properties which 
vary spatially In a different manner for light within 
each said wavelength band in at least one direc- 
tion transverse to said path; utilising the output of 
said detector to provide an indication of the 
quantity of light transmitted within each of said 
wavdength bands along said path; and detenmin- 
ing the change in the ratio of said indications 
resulting from displacement of the object 

Such a method is described in GB*A*2,025,608. 

It Is an object of the present invention to 
provide such a method of measuring displace- 
ment of a body suitable for use in measuring 
rotary displacement of an object together with a 
sensor for use in a method according to the 
invention. 

According to the present invention there is 
provided an optical method of measuring dis- 
placement of an object comprising: directing light 
within each of at least two discrete wavelength 
bands onto a detector along a path including a 
member having light transmissive or reflective 
properties which vary spatially in a different 
manner for light within each said wavelength 
band in at least one direction transverse to said 
path; utilising the output of said detector to 
provide an Indication of the quantity of light 
transmitted within each of said wavelength bands 
along said light path; and detemnining the change 
in the ratio of said indications resulting from 
displacement of the object, characterised in that 
said path further includes a second member 
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having light transmissive or reflecthm properties 
which vary spatially In the same manner for light 
in each said wavelength band In at least one 
direction transverse to said path, said two mem- 
bers being arranged so that displacement of the 
object causes said two members to be displaced 
relative to one another in a direction transverse to 
said path. 

The invention also provides a sensor for use in 
an optical method of measuring displacement of 
an object according to the invention comprising: 
a light guide; a concave light reflective element 
positioned such that one end of said light guide is 
directed towards said reflective element from a 
position substantially at the centre of curvature of 
said reflective element; a light transmissive 
member interposed between said one end of said 
light guide and said reflective element one of 
said member and said reflecthre element having 
transmisshfe or reflective properties as appro- 
priate which for light within each of at least two 
different wavelmigth bands vary spatially in at 
least one direction transverse to the optical axis of 
said reflective element in a different manner for 
light in each said wavelength band, and the other 
of said member and said reflective element 
having light transmissh/e or reflective properties, 
as appropriate, which vary spatially in said one 
direction in the same mannerfor light in each said 
wavelength band, said member and said reflec- 
tive element being supported so as to allow them 
to be displaced relative to each other in said one 
.direction^with displacement otsald-object- 



In one particular sensor in accordance with the 
Invention said member and reflective element are 
arranged for relative rotary displacement with 
displacement of said object 

A method and sensor having some features in 
common with a method and sensor according to 
the present invention, more particularly a sensor 
according to the present invention, are descnlsed 
in EP-A-0095273 which ^Is within the tenms of 
Article 54 (3) EPC 

One method in accordance with the invention, 
together with a sensor for use in such a method 
will now be described, by way of example only, 
with reference to the accompanying drawings In 
which: 

l=tgure 1 shows a longitudinal section through 
the sensor; 

Rgure 2 shows a section on the line X-X of 
Rgure 1; and 

Fgure 3 is an enlarged view of one of the 
elements of the sensor. 

Referring firstiy to Figure 1, the sensor to be 
described is particulariy adapted for measuring 
the angular displacement of a shaft 3 about its 
longitudinal axis. The sensor includes a light 
guide 5 in the form of a fibre-optic monofilament, 
one free end 7 of which lies at the centre of 
curvature of a plano-concave reflective element &. 
Referring now also to Rgures 2 and 3, the reflec- 
tive surface of the element 9 has applied to it an 
alternating pattern of two different reflective coat- 
ings, the two coatings being indicated as 1 and 2 
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in Rgure 3. The first coating 1, is designed to 
reflect more than 80% of light in the waveband 
790 - 840 nm, and to reflect less than 1 % of light In 
the waveband 880 - 930 nm. The second coating 2 
Is designed to reflect more than 80% of light In s 
the waveband 880 - 930 nm, and to reflect less 
than 1% of light In the waveband 790 - 840 nm. 

Referring again particulariy to Figure 1, the 
refi6(^e element 9 is supported by two parts 11, 
13 of a housing, the plane back surface of the to 
reflective element resting, via an 'O' ring 15, on a 
keep plate 17 attached by screws 21 to the part 13, 
the penmeter of the concave front surges of the 
refiecdve element being held by an appropriately 
sloping forward edge of the part 1 1. The part 1 1 is ts 
a screw fit within the part 13, and 'O' ring 23 being 
trapped between the two parts. The end 7 of the 
light guide 5 is located at the apex of a conical 
cavity within the part 11. The light guide extends 
from its end 7 in a ferrule 25 through an aperture zo 
through the part 11 and through a flange 27, the 
flange being secured by screws 33 onto the part 
11 with an intermediates shim 29 and an '(y ring 
31. 

An extension 3a of the shaft passes through an 2S 
end plate 35 secured by screws 37 to the part 13, 
to extend Into a cavity within the part 13, where it 
is contacted by the sealing lip of a "heart" seal 39. 
A further extension 3b, of the shaft enters into a 
further cavity with the part 1 3 where it is rotatabty 30 
supported by bearings 41 » 43 separated by inner 
45 and outer 47 spacers. The shaft 3 then ter- • 

minat8S_Jn_a_nose_.p0ition^3c_j/vbidi„passes 

through an aperture in the reflective element 9 
into the conical cavity within the part 1 1 . Attached 35 
to the nose portion 3c with a screw 49, such that It 
lies between the end 7 of the light guide 5, and the 
refiectWe element 9 is a metallic shutter 51 in the 
form of a IVIaltese Cross painted matt black as 
best shown in Figure 2. 40 

In use the light guide 5 is connected to a unit 
(not shown) containing electronic electro-optic 
and optical components. Ught within the two 
wavebands 790 - 840 nm, and 880 - 930 nm is 
shone down the light guide 5 to be reflected by 45 
the reflective element 9 and pass back up the light 
guide 5, the shutter 51 obscuring a portion of the 
reflective element 9. The quantity of light within 
the two different wavebands returning down the 
light may then be measured. If, however, there is so 
any angular movement of the shaft 3, the shutter 
51 will rotate with respect to the reflecth^e 
element 9, thus obscuring a different portion of 
the reflective element 9. Thus the amount of light 
within the two wavebands measured will change. so 
An indication of the angular displacement of the 
shaft 3 may then be obtained by determining the 
change in the ratio of the quantities of light 
measured due to the displacement 

It will also be understood that if the optical so 
transmission efficiencies for light within each of 
the two wavebands along the light path are 
calculated, and the change in the ratio of the 
efficiencies is determined, rather than the change 
in the ratio of the quantities of light measured, the es 



method will be Insensitive to differences in output 
of the sources and detector responses, as well as 
variations within the optical path with time. 

It will be appreciated that whilst in the sensor 
described herebefore by way of example the 
shutter 51 moves relative to the reflective element 
9, the reverse situation may be used In a sensor 
according to the invention, i.e. angular displace- 
ment of the shaft 3 causing movement of the 
reflective element 9 relative to the shutter 51. 
Minor modifications to the form of the sensor 
would then be necessary. 

It will also be appreciated that other forms of 
the shutter 51 are possible for example a glass 
disc having an opaque 'arm' photographically 
deposited on it. 

It will also be appreciated that in an alternative 
form of the sensor described by way of example, 
the reflective element 9 may be replaced by a 
concave reflective element which reflects light in 
both wavelength bands in some areas only and 
elsewhere is non-reflective. The shutter 51 will 
then be replaced by a filter element some areas of 
which transmit light in one wavelength band only 
and other areas of which transmit light in the 
other wavelength band only. 

It will be fiarther understood that whilst in the 
method and sensors described above by way of 
example one light reflective element and one light 
transmlssh^e member i.e. a shutter are used, in 
alternative methods in accordance with the inven- 
tion two light transmissive members in the puth 
,ollightdirected.ontO-a-detector-maY-be used, one, 
showing light transmisshfe properties which vary 
spatially in a different manner for light In each 
wavelength band and the other having light trans- 
misshfe properties which vary spatially In the 
same manner for light in the two wavelength 
bands. 

Ciainns 

1. An optical method of measuring rotational 
displacement of an object comprising: directing 
light within each of at least two discrete 
wavelength bands onto a detector along a path 
including a member (9) having tight transmissive 
or reflective properties which vary spatially in a 
different manner for light within each said 
wavelength band in at least one direction trans- 
verse to said path; utilising the output of said 
detector to provide an indication of the quantity of 
light transmitted within each of said wavelength 
bands along said light path; and determining the 
change in the ratio of said indications resulting 
from displacement of the object (3); said path 
further Including a second member (51) having 
light transmissive or reflective properties which 
vary spatially in the same manner for light In each 
said wavelength band in at least one direction 
transverse to said path, said two members (9 and 
51) being arranged so that displacement of the 
object (3) causes said two members to be dis- 
placed relative to one another in a direction 
transverse to said path. 
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2. A sensor for use In an optical method of 
measuring rotational displacement of an object 
according to Claim 1 comprising: a light guide (5); 
a concave light reflective element (9) positioned 
such that one end (7) of said light guide (6) Is 
directed towards said reflective element (9) from 
a position substantially at the centre of curvature 
of said reflectWe element (9); a light transmissive 
member (51) interposed between said one end of 
said light guide and said reflective element, one 
of said member and said reflecth^e element 
having transmisslve or reflective properties, as 
appropriate, which for light within each of at least 
two different wavelength bands var/ spatially In 
at least one direction transverse to the optical axis 
of said reflective element (9) in a different manner 
for light in each said wavelength band, and the 
other of said member and said reflective element 
having light transmisslve or reflective properties, 
as appropriate, which vary spatially in said one 
direction In the same manner for light In each said 
wavelength band, said member (51) and safd 
reflective element (9) being supported so as to 
allow them to be displaced relative to each otiier 
in said one direction with displacement of said 
object (3). 

3. A sensor according to Claim 2 in which said 
reflective element <9) is supported in a fixed 
position relative to said one end of said light 
guide, and said member is adapted for displace* 
ment with said object 

4. A sensor according to Claim 2 or Clafm 3 
-wher^n^{d.membet-(5T).and-refflective-elemem- 

(9) are arranged for relative rotary displacement 
with displacement of said object (3). 

5. A sensor according to Claim 4 wherein said 
member (51) Is mounted for rotation on the end of 
a shaft (3) extending through a central aperture in 
the reflective element (9) from the side of said 
reflective element (9) remote from said light guide 
(5). 

6. A sensor according to Claim 4 or 5 wherein 
said one of said member (51) and said reflective 
element (9) has two areas (1, 2) each of which 
transmits or reflects light only within a respective 
one of said two discrete wavelength bands and 
the other of said member (51) and said reflective 
element (9) transmits or reflects light only in an 
area having a shape substantially the same as one 
of said two areas (12) of said one of said member 
(51) and said reflective element (9). 

7. A sensor according to any one of Claims 2 to 
6 in which said one of said member (51) and said 
reflective element (9) is said reflective element (9), 
and said member (51) consists of an element 
which partially obstructs the light path between 
said one end (7) of said light guide (5) and said 
reflective element (9). 

8. A sensor according to Claim 7 when depen- 
dent on Claim 5 wherein said member (51) is a 
shutter comprising at least one arm of light 
opaque material extending radially from the part 
of the member tying on the optical axis of said 
reflective element (9). 

9. A sensor according to Claim 9 wherein said 



shutter (51) has four radial arms so as to be in the 
form of a Maltese Cross. 

Patentansfirache 

5 

1. Optisches Verfahren zum Messen einer Dreh- 
bewegung eines Objekts, bel dem Ucht in jedem 
von wenigstens zwel dlskreten Wellenldnenberel- 
Chen auf einen Detektor lings eines Strahtengan- 

10 gas gerichtet wird, der ein Bauteil (9) mit Ucht- 
durchlaB- Oder Lichtreflektionseigenschaften auf- 
weist, die sich rSumlich fOr Ucht in jedem der 
Wellenlangenbereiche In wenigstens einer quer 
zu dem Strahlengang veriaufenden RIchtung 

IS unterschiedllch dndem; das Ausgangssignal des 
Detektors zur Bildung einer Anzeige der in jedem 
der Weilenldngenberelche lings des Strahlengan- 
ges ubertragenen Uchtmenge verwendet wird 
und die aus einer Bewegung des Objekts (3) 

20 resultierende Anderung des Verhaltnlsses der 
Anzelgen bestimmt wird, wobei der Strahlengang 
femer ein zweites Bauteil (51) mit Uchtdurchlafi- 
oder Uchtreflexionselgenschaften aufweist, die 
sich riumlich in gleicher Welse fOr Ucht In jedem 

25 der Wellenlangenbereiche In wenigstens einer 
Richtung quer zu dem Strahlengang indem, und 
wobei die beiden Bauteile (9) und (51) so ange- 
ordnet sind, daft eine Bewegung des Objekts (3) 
eina Relativbewegung der beiden Bauteile jn 

30 ^ner RIchtung quer zu dem Strahlengang 
bewirfct 

2. FQhIer zur Anwendung bel einem optischen 
^Verfahren— zum-Messen—einer-Drehbewegung 

eines Objekts nach Anspruch 1, mit: einer Ucht- 

3S fQhrung (5); einem konkaven lichtreflektierenden 
Element (9), das so angeordnet ist, dafi ein Ende 
(7) der Uchtfuhrung (5) aus einer Lage, in der es 
sich weitgehend im KrOmmungsmtttelpunkt des 
reflektierenden Elemeirts (9) beflndet, zu dem 

40 reflektierenden Element (9) bin gerichtet ist; 
einem lichtdurchlissigen Bauteil (51), das 
zwischen dem einen Ende der UchtfQhrung und 
dem reflektierenden Element angeordnet Ist, 
wobd das eine von dem Bauteil und dem reflek- 

4ff tierenden Element, wie erforderilch, DurchlaS- 
Oder Reflexionseigenschaflen aufweist, die sich 
fur Ucht in jedem von wenigstens zwei verschie* 
denen Wellenlingenbereichen r9umlich in wenig- 
stens einer RIchtung quer zur optischen Achse 

50 des reflektierenden Qements (9) unterschiedllch 
fQr Ucht In jedem der Wellenlangenbereiche 
dndern, und das andere von dem Bauteil und dem 
reflektierenden Element, wie erforderiich, Ucht- 
durchlaE- oder Refiexionselgenschaften aufweist, 

SB die sich raumlich in der einen Richtung in der 
gielchen Weise fur Ucht in jedem der Wellenlan- 
genbereiche Sndem, und wobei das Bauteil (51) 
und das reflektierende Element (9) so gelagert 
sind, dais sle relativ zueinander In der einen 

60 RIchtung bel einer Bewegung des Objekts (3) 
bewegbar sind. 

3. FQhier nach Anspruch 2, bel dem das reflek- 
tierende Element (9) relativ zu dem einen Ende 
der Uchtfuhrung feststehend gelagert und zusanrv* 

6s men mit dem Objekt bewegbar ist. 
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4. Fuhter nach Anspruch 2 oder Anspruch 3, bei 
dem das Bauteil (51) und das reflektierende Ele- 
ment (9) so angeordnet sind, dali sie eine relative 
Drehbewegung zusammen mit der Bewegung 
des Obiekts (3) ausfOhren. 

5. FOhler nach Anspruch 4, bei dem das Bauteil 
(51) auf dem Ends einer Welle (3) drehbar gela- 
gert ist die sich von der der LichtfQhrung (5) 
abgekehrten Serto des refiektlerenden Elements 
(9) aus dutch eine mittiere Offnung in dem reflek- 
tierenden Element (9) erstreckt 

6. FOhier nach Anspruch 4 oder 5, bei dem das 
eine von dem Bauteil (51) und dem refiektleren- 
den Element (9) zwei Flachen (1, 2) aufweist, die 
jewels nur in einem der beiden diskreten Wellen- 
langenberelche Ucht durchtassen oder reflektle- 
ren« und das andere von dem Bauteil (51) und 
dem refiektlerenden Element (9) nur in einer 
Rache Licht durchlSBt oder reflektiert die im 
wesentlichen die gleidie Form wie die eine der 
beiden RSchen (1, 2) des einen von dem Bauteil 
(51) und dem refiektlerenden Element (9) hat. 

7. Fuhler nach einem der AnsprOche 2 bis 6, bei 
dem das efne von dem Bauteil (51) und dem 
reflektferenden Element (9) das reflektferende Ele- 
ment (9) ist und das Bauteil (51) aus einem 
Element besteht, das den Strahlengang zwfschen 
dem einen Ende (7) der Lichtfuhrung (5) und dem 
reflektierendan Element (9) teilwefse sperrt 

8. FQhler nach den Anspruchen 5 und 7, bei 
dem das Bauteil (51) ein Verschluft mit wenlg- 
stens einem Arm aus lichtundurchlSssigem Mate- 
rial ist , der sich radi al von demjen igen Teil des 



Bauteils aus erstreckt der in der optischen Achse 
des refiektlerenden Elements (9) liegt 

9. Fuhler nach Anspruch 8, bei dem der Ver- 
schluft (51) vier radlale Arme aufwelst so daB er 
die Form eines Malteser-Kreuzes hat 

Revendieatlons 

1. Proc6d§ optique de mesurs d'un deplace- 
ment en rotation d'un objet comprenant la pro- 
jection de lumi^re dans chacuns d'au molns deux 
bandes separees de longueurs d'onde, sur un 
d6tecteur, suivant un trajet comprenant un 
organe (9) ayant des propridt^s de transmission 
ou de reflexion de la lumiere qui varient dans 
I'espace d'une maniere diff^rente pour des 
lumidres comprises dans les deux bandes de 
longueurs d'onde, au motns dans une direction 
transversals audit trajet, Tutilisation du signal de 
sortie du d^tecteur pour Tobtention d'une indica- 
tion relative h la quantity de lumiere transmise 
dans chacune des bandes de longueurs d'onde, le 
long dudit trajet de la lumiere, et la determination 
du changement du rapport des indications r^ul- 
tant du d6placement de I'objet (3), ledit trajet 
comprenant en outre un second organe (51) ayant 
des propri^^ de transmission et de reflexion de 
la lumidre qui varient dans I'espace de'la mdme 
manidre pour des lumidres des deux bandes de 
longueurs d'onde, dans au molns une direction 
transversals audit trajet, les deux organes (9 et 
51) tont disposes de manidre que le d^placement 



de Tobjet (3) provoque un ddplacement des deux 
organes I'un par rapport i Tautre en direction 
transversale audit trajet 
2. Capteur destine h dtre utilise dans un procMd 

5 optique de mesure du d^placement en rotation 
d'un objet selon la revendication 1, comprenant 
un guide de lumidre (5), un 1§l6ment concave (9) 
refl^lssant la lumldre, plac^ de maniere qu'une 
premiere extremlte (7) du guide (5) de lumidre 

70 soit dirig^e vers I'dl^ment r^flechissant (9) depuis 
une position qui se trouve pratiquement au centre 
de courbure de I'dl^ment refl6chissant (9), un 
organe (51) capable de transmettre de la lumidre, 
placd entre la premiere extr6mitd du guide de 

IS lumiere et I'^l^ment r6fl6chissant, I'organe ou 
Telement refldchissant ayant des propriety de 
transmission ou de r^exion, selon le cas, qui, 
pour les lumidres dans chacune d'au moins deux 
bandes dcff^rentes de longueurs d'onde, varient 

20 dans Tespace dans au moins une direction trans- 
versale h Taxe optique de T^ement rdfl^issant 
(9) de mani&re diffgrente pour les lumidres des 
deux bandes de longueurs d'onde, et r616ment 
rdfl6chissant ou ledit organe respectivement - 

25 ayant des propridt^ de transmission ou de 
r^lexion de la lumi§re, selon le cas, qui varient 
dans I'espace dans ladite direction de la mdme 
maniere pour les lumi^res des deux bandes de 
longueurs d'onde, ledit organe (51) et I'^l^ent 

zo rifi^hlssant (9) ^tant supportes afin qu'lls puis- 
sant dtre d^plac^s I'un par rapport h I'autre dans 
ladite direction avec le d^placement de i'objet (3). 

3. Ca pteur selon la revendication 2, dans lequel 

t'6l6ment r6ft§chissant (9) est support^ en posl- 

aff tion fixe par rapport h la premiere extr6mit6 du 
guide de lumiere, et ledit organe est destind h se 
ddplacer avec I'objet 

4b (Capteur selon la revendication 2 ou 3, dans 
lequel ledit organe (51) at I'Mment r§flechissant 

40 (9) sont dispose afin qu'lls prisentent un d6pla- 
cement relatif en rotation avec le ddplacement de 
I'objet (3). 

5. Capteur selon la revendication 4, dans lequel 
ledit organe (5) est mont^ aftn qu'il toume sur 

4S I'extr^mrte d'un arbre (3) passant par une ouver- 
ture centrale formee dans f 6l6ment r^fl^chtssant 
(9) I partir du cdtd de I'6l4ment r§fi6chissant (9) 
qui est distant du guide de lumiere (5). 

6. Capteur selon la revendication 4 ou 5, dans 
so lequel ledit organe (51) ou I'element reflechissant 

(9) comporte deux zones (1, 2) qui transmettent 
ou r6fl6chissent chacune de la lumtdre unique- 
ment dans t'une des deux bandes separ^s de 
longueurs d'onde, et Tel^ment r^flichissant (9) 

55 ou ledit organe (51) respectivement transmet ou 
r^fl^it de la lumiere uniquement dans une zone 
ayant une configuration qui est pratiquement la 
m§me que celle des deux zones (12) dudit organe 
(51) ou de l'61dment r^dchissant (9) respeo- 

so tivement 

7. Capteur selon I'une quelconque des revendi- 
cations 2^6, dans lequel ledit organe (51) ou 
r6l6ment r6fl6chissant (9) respectivement est 
I'element r^dchissant (9), et ledit organe (51) est 

6S constitu6 par un 616ment qui cache partiellement 
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le trajet de la lumldre entre la premiere extrdmitd 
(7) du guide de lumlftre (5) et r6I6ment r6fl6chi9- 
sent (9). 

8. Capteur selon la revendication 7, dependant 
de la revendication 5, dans lequel ledit organe 
(51) est un obturateur comprenant au moins un 
bras d'un materiau opaque k la lumidre, ddpas- 



sant radialennent de la partie de I'organe qui se 
trouve sur Taxe optique de i'element r^fl^issant 

iB). 

9. Capteur selon la revendication 9, dans lequel 
I'obturateur (51) a quatre bras radiaux disposes 
de manidre qu'ils foment une croix de Malte. 
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